Background and objectives In the last 15 years in Canada, there have been less stringent guidelines for peritoneal dialysis (PD) adequacy, availability of novel PD solutions, and lower PD-related peritonitis rates. Effects of these changes on outcomes of incident patients treated with PD during this period are unknown.
Introduction
The prevalence of ESRD continues to rise in Canada and worldwide. Increasing the use of home-based peritoneal dialysis (PD) is an attractive strategy to target increasing dialysis-related health care costs. Consistently, PD has been demonstrated to be a more cost-effective therapy compared with facility-based conventional hemodialysis (CHD) with annualized costs for therapy that are approximately 60%-70% that of CHD (2) . Moreover, recent Canadian comparisons between incident PD and CHD patients indicate that after accounting for the selection bias and the use of tunneled venous catheters, overall survival is similar between the two therapies (3, 4) . Yet, despite similar outcomes as well as the potential fiscal and lifestyle benefits offered by PD, the last 15 years have shown a steady decline in incident PD use in Canada ( Figure 1 ) (5) as well as other countries (6, 7) .
Although Canadian policy makers and healthcare providers continue to focus on increasing incident PD use, less attention is focused on the effect of time spent on PD therapy, the costs associated with the development of PD technique failure, and the effect of such a change in dialysis modality on patient outcomes. Patients on PD experience significantly shorter technique survival compared with patients on hemodialysis (8, 9) . If technique survival on PD were to continue to improve over time, then it would be possible to improve upon prevalent PD utilization in the absence of changes in incident PD use. Similarly, if increasing incident PD use were to be accompanied by a higher rate of PD technique failure, then its effect on increasing PD utilization would be significantly attenuated.
PD-related infections, catheter complications, inadequate peritoneal ultrafiltration, inadequate small solute clearance, and psychosocial barriers continue to remain important causes of PD technique failure (10) . Over time, changes in PD connectology and practices aimed at the prevention of PD-related infections have translated into lower rates of PD peritonitis (11, 12) . Increasing availability of novel PD solutions such as icodextrin has provided an additional tool to enhance peritoneal ultrafiltration, particularly among longterm PD patients (13, 14) . Lastly, a shift in recent Canadian and international PD guidelines that has lowered targets for small solute clearance may reduce the number of patients transferred to hemodialysis for failure to meet adequacy guidelines (15, 16) . We hypothesized that these favorable changes in practice patterns would translate into improvements in PD technique survival in Canada over time.
Our primary objective was to examine national trends over time in PD technique survival among incident Canadian PD patients while accounting for temporal trends in mortality and transplantation rates over time. Secondary objectives were to examine trends over time in cause-specific PD technique failure and to assess trends over time in PD patient survival among incident Canadian PD patients.
Materials and Methods
Study Design, Data Source, Definitions, and Collection
This prospective observational cohort study of consecutive adults ($18 years of age), who initiated PD between January 1, 1995 and December 31, 2009, was performed using data from the Canadian Organ Replacement Register (CORR). CORR is a national registry that has recently been validated and captures the incidence, prevalence, treatment changes, and outcomes of .99% of chronic dialysis and solid organ transplant patients in Canada and is described in detail elsewhere (1, 17, 18) . We included both continuous ambulatory PD (CAPD) and automated PD (APD) patients.
The era of PD initiation was the primary exposure of interest. Eligible patients included those who were on PD 60 days after chronic dialysis initiation. To examine trends over time, three incident cohorts of PD patients were established: 1995-2000, 2001-2005, and 2006-2009 . The rationale for the selection of these three cohort periods was based on major updates in national and international PD guidelines that took place during each of these three periods (15, 19, 20) .
Information on the presence or absence of coronary artery disease (CAD), peripheral vascular disease (PVD), hypertension, diabetes mellitus, and cerebrovascular disease were categorized as "yes," "no," and "unknown." The unknowns were combined into the "no" group. Diabetes was adjusted for both as a cause of ESRD and as a comorbidity. Current smokers were documented as those having smoked in the last 3 months. Comorbidities were included in the determination of a validated comorbidity index for each patient (21) . Late referral was defined as never having been seen by a nephrologist before dialysis initiation or first seeing a nephrologist within 3 months before starting dialysis. Body mass index (BMI) was calculated using the height and weight collected at the start of dialysis. Baseline laboratory parameters included hemoglobin, serum albumin, and serum creatinine measured as the value closest to but preceding the initial dialysis treatment and were available only from 2001 and onward. The estimated GFR before the start of dialysis was calculated using the four-variable Modification of Diet in Renal Disease equation (22) .
Outcomes
The primary outcome was time to PD technique failure. Secondary outcomes included cause-specific technique failure and overall mortality. PD technique failure was defined as a transfer to hemodialysis for $90 days. Causes of PD technique failure were categorized as follows: peritonitis, inadequate PD (which included inadequate peritoneal ultrafiltration and/or inadequate small solute clearance), and other causes. The "other causes" category included abdominal and/or PD-related complications, patient/family unable to cope, transfer to originally intended treatment, recovery of kidney function, and unknown causes. For analyses examining time to technique failure, patients were censored at death, kidney transplantation, and loss to follow-up or at the end of the observation period (December 31, 2010). In the analyses examining cause-specific technique failure, patients were additionally censored for all other causes of technique failure. For the secondary analyses examining time to death, analyses were performed with and without censoring at technique failure. In all analyses of time to death, patients were censored at kidney transplantation.
Statistical Analyses
Categorical variables were compared using the chisquared test. The Kruskal-Wallis test was used to analyze differences between continuous variables. Prespecified interactions with the exposure of interest and the risk of all-cause technique failure included age (,65 versus $65 years), sex, the presence or absence of diabetes, the presence or absence of any comorbidities, and being obese versus nonobese (BMI .29.9 kg/m 2 versus #29.9 kg/m 2 ).
Two-year unadjusted transplantation, death, and technique failure rates by year of dialysis initiation were calculated to ensure equal follow-up time across each cohort. To examine adjusted survival, proportional and nonproportional piecewise exponential survival models were used to compare mortality between patients among the three cohort periods within sequential 12-month intervals during the first 60 months. Average or time-independent hazard ratios of death were estimated using a proportional hazards model. Time-dependent relative risks were estimated using a nonproportional hazards model. All models were adjusted for case-mix differences in the cohorts including the following: age, sex, race, cause of ESRD, weighting of comorbidities (diabetes mellitus, CAD, PVD, malignancy, lung disease, pulmonary edema) based on a validated ESRD comorbidity index (21) , BMI (as a continuous variable), province of treatment, and PD center size (as previously described) (21, 23) .
In addition, we used a marginal structural model with inverse probability of treatment and censoring weighting (IPTCW) to examine the risk of PD technique failure and mortality. Using this technique (described in detail elsewhere) allowed us to adjust for all measured covariates in a single summary weight and to adjust for the effect of informative censoring due to differences in the rates of death and kidney transplantation between PD patients over the three time periods (24) (25) (26) . Propensity scores (PSs) estimated each study participant's probability of initial cohort period assignment and were calculated using all available covariates in two separate multivariable logistic regression models ([1995- . Area under receiver operating characteristic (ROC) curves tested the discriminatory capacity of each model. Stabilized censoring weights were created by estimating the following: (1) the probability of remaining transplant free for each individual in successive 1-year time intervals and (2) the probability of remaining alive in successive 1-year time intervals. Each observation was then weighted both by the inverse probability of initial cohort assignment (1/PS) and then by the stabilized censoring weights. In analyses of mortality, IPTCW analyses were weighted both by the propensity to remain transplant free and technique failure free. Analyses were performed using SAS software (version 9.1.3; SAS Institute, Cary, NC).
Results

Baseline Characteristics
Between 1995 Table 1 lists the baseline characteristics of the study population. Compared with patients who initiated PD between 1995 and 2000, patients in more contemporary cohorts were more likely to be older, had a higher frequency of diabetes mellitus as a comorbidity, and had a higher BMI. The frequency of CAD and PVD was lower in more contemporary cohorts. One or more missing values for comorbidities occurred in 3.5%, 2.5%, and 3. 
All-Cause PD Technique Failure by Era of Dialysis Initiation
A total of 4318 (33%) patients experienced PD technique failure over the course of follow-up. Among these patients, the median time to technique failure was 1.9, 2.2, and 1. 
Cause-Specific PD Technique Survival by Era of Dialysis Initiation
All-Cause Mortality by Era of PD Initiation
A total of 4158 patients (32%) died over the course of follow-up. (Table 4 ). Figure 3 demonstrates the results of the prespecified subgroup analyses. With the exception of age, the effect of era of PD initiation on the risk of technique failure was not modified among any of the subgroups examined.
Prespecified Interactions
There was a significant interaction between age and era of PD initiation. Whereas patients ,65 years of age experienced no difference in technique failure risk by period of PD initiation, those . All models performed using inverse probability of treatment and censoring weighting. (6, (27) (28) (29) . Explanations for the improvement in patient survival could be differences in patient selection over time due to declining PD utilization or the decreasing transplant rate over time in Canada, resulting in healthier transplant-eligible patients remaining on PD for longer periods of time. However, we partially accounted for this using an IPTCW approach. Moreover, given that patients in the most contemporary era were older and more likely to have diabetes, the contribution of healthier and transplant-eligible patients to the improved survival in recent years is likely minor. More plausibly, the improving patient survival may reflect better management of patients on PD, including improved treatment of their comorbid illnesses as well as improvements in PD as a therapy.
There are limited data on the relationship between era of PD initiation and technique failure. When the timing of the technique failure was taken into account, it seemed that in both of the more recent cohorts, there was a trend toward reduced technique failure in the third year on PD. In other words, any small improvements in technique failure were predominantly driven by a reduction in late rather than early technique failure.
To better understand the basis for the changes in technique failure over time, we examined cause-specific PD technique failure over the three eras. Importantly, despite the fact that PD-related infection typically accounts for the largest proportion of technique failure, we found that PD peritonitis as a cause of technique failure did not decline over time. In fact, there was a trend toward more peritonitisrelated technique failure in the two more contemporary eras. This is an interesting finding when one considers that PD peritonitis rates have declined over time (12, 30, 31) . This apparent discrepancy is likely related, in part, to our improving success in the prevention of peritonitis caused by indolent organisms, such as coagulase-negative Staphylococcus, that are less likely to lead to technique failure (32, 33) . In contrast, severe peritonitis episodes, such as (19, 20, 34) . Subsequently, the decline in technique failure due to inadequate PD that occurred among patients initiating PD in the most contemporary cohort is likely due to the publication in 2006 of the revised, less stringent KDOQI adequacy targets based on the Adequacy of Peritoneal Dialysis in Mexico trial and other studies (15, 35, 36 (37) , although this has not been a consistent finding (38) (39) (40) (41) . In our analysis, the basis for better technique survival in more recent years among older but not younger patients is not clear. It was not driven by a reduction in technique failure due to peritonitis or due to inadequate PD but rather due to other causes of technique failure. This finding may relate to the increasing use of home-assisted PD for elderly patients across several regions in Canada (42) . The improvement in PD technique failure among older patients is particularly relevant when one considers that the largest growth in the ESRD population over time has been among those .65 years of age (1) .
The strengths of this study are the large, multicenter cohort of patients and longitudinal follow-up. However, there are some limitations. First, the limited number of variables available in the CORR database, such as the absence of the estimated GFR in the earliest cohort or longitudinal measurements of residual kidney function in all groups, may have led to residual confounding that could have influenced the reported associations. Second, although causes of technique failure such as peritonitis and inadequate PD were clearly coded in the database, other reasons for technique failure were less well described and suffer from a lack of a standardized definition across the PD literature. Consequently, they had to be merged into an "other cause" category. As a result, we were unable to explore changing frequencies of these other causes of technique failure and how they might have influenced the risk of technique failure over time.
In conclusion, this study demonstrates that patient survival on PD has improved over time. In contrast, there have been only modest changes in technique failure over time, with a trend toward reduced late technique failure but no difference in early technique failure. There was an interaction between age and era, such that there was a significant reduction in technique failure over time among patients .65 years of age, but not among younger PD patients. Whereas there has been no reduction in peritonitisrelated technique failure in more contemporary cohorts, there has been a reduction in technique failure due to inadequate PD in recent years, possibly driven by less stringent adequacy targets. Strategies aimed at prolonging PD technique survival will require an ongoing emphasis on reducing the risk of peritonitis-related technique failure as well as a better understanding of the contribution of each of the noninfectious causes of technique failure.
